I. INTRODUCTION
The interaction between gas phase molecules and solid surfaces are of fundamental importance for the understanding of catalytic and other chemical processes occuring on solid surfaces. In recent years the dynamical aspects of such interactions were studied both experimentally [1] and theoreticaly [2] for many molecule-solid surface systems. Molecular beam-surface scattering experiments were used to study the translational energy distribution of the scattered molecules [1] , as well as, their internal energy distribution between the rotational [3J and vibrational [4] modes as a function of surface temperature. Energy transfer between vibrationally excited molecules and metal surfaces was studied during a collision with the surface [5] . The decay rate of vibration ally excited molecules adsorbed on a metal surfaces was studied theoretically [6] and experimentally [7] by Persson et al. who employed an electrodynamic model in which electron-hole pairs are formed by energy transfer from the vibrationally excited molecule to the surface. This model was used to interpret measurements of the linewidth of excited C-H and C-D bonds in methoxide adsorbed on the Cu (100) surface using IR refiectanceabsorbance spectroscopy. They concluded that for this system a deexcitation rate of 3x10 12 sec-l describes the experimental data [7] . A different study by Zhdanov et al. [8] presents a review of the possible mechanisms for vibrational de excitation on metal surfaces. In this work it is shown that if multiphonon interactions dominate, then the de excitation rates are expected to be very slow (less than 10 7 sec-I). Such interactionsusually incorporate a few phonons to dissipate the vibrational energy of the adsorbed molecule. When the vibrational energy is assumed to be channeled to the excitation of plasmon states in the metal, de excitation rates , .
\;/ -3-as high as 10 9 -10 11 sec-1 are predicted [9] . Similar conclusions were presented ,~y .Brus flO], who applied classical electrodynamic. theory t.o study the same problem. In all these studies it is predicted .that the relaxation rate via electronic states in the metal should be temperature indepemient [9] .
'Most common experiments conducted to date, examine the vibrational relaxation rate due to collisions with solid surfaces by measuring _ the average probability to transfer the vibrational energy [8] . Direct measurement of the IR emission decay time of an excited CO 2 molecule due to collisions with different solid walls, as a function of the wall temperature, were reported recently [11] . In all these studies the relaxation of the vibrational energy is adressed, none however discusses the related .
process of vibrational excitation.
In this work we will examine the magnitude of vibrational exitation and de excitation rates of molecules adsorbed on metal surface, using a simple kinetic model. The competing processes that control the flux of vibrationally excited molecules which desorb from the surface are the vibrational excitation and de excitation on the surface as well as the desorption rate of the adsorbed ground state molecules. The kinetic model together with experimental results available for the NO/Pt (111) system [4aJ. are used to estimate the vibrational excitation and deexcitation rates of NO adsorbed on the metal. The significance of these rates for the understanding of the mechanism of such energy transfer processes in this system is discussed.
-4-n. KINETIC MODEL Consider two types of adsorbed molecules on a metal surface; molecules in their ground vibrational state, N~, and the same molecule in its first vibrationally excited state, N';. For simplicity, we shall not consider in the following, adparticles which are vibrationally exciled to slales higher than v= 1, although such molecules were detected experimentally [4d] . In the kinetic model thal will be described, we shall consider an experiment in which a supersonic beam of molecules in lheir ground vibrational stale and at translational energy much smaller than the vibrational spacing, are impinging on themelal surface. The flux of molecules that adsorb on the surface is given by
where T is the surface temperature and S( T) is the sticking probability (which is estimated in Ref. [4a] ). The adsorbed molecules may react on the surface to yield vibrationally excited species in addition to their probability to desorb to the gas phase where they are detecled. The concentration (on the surface) of the ground and vibrationally exciled adsorbates will be given by and -kG T N",(t;T -krllR: T Nfl, t;T -k (T N", t;T . (2b)
In Eqs. (2) k3 and kJ represenl the desorplion rale of lhe ground and lhe vibrationally exciled molecules respectively, while, kg and krlu; represenl the vibrational excilation and deexcilation rales respectively. We have assumed, in writing Eqs. (2), firsl order kinelics for lhe excilation and
It is easy to solve Eqs. (2), using the Laplace transform method, to obtain the time dependent concentration of the ground state and excited adsorbed molecules (for a given surface temperature)
and ( Once the concentrations N~ and NJ are known, the flux of the desorbing molecules, which. are the experimentally detected quantities, may be
In many experimental set ups, steady state concentrations of the adsorbates are maintained. In such cases, Eqs. (3) may be rewrilten in a
Simpler form,
In order to use Eq. (4) 
where Ev is the vibrational energy spacing of the adsorbed molecule and k is Boltzmann constant. At low surface coverages (" < 0. 
where [6, 7] predicted leila values of the order of 10 12 sec-1 which agreed well with available experimental results. These calculations suggested that the quenching of vibrational energy is due to the excitation of -9-a local electron-hole pair in the metal. Hence. in the following we shall assume that kIlN is temperature independent.
The variation of Ni as a function of T. k_ and D. is shown in Fig. 1 .
Note that a change in D. results in a marked change of kIt and hence of the residence time of the molecule at the surface. [4a] reported that by modifying a Pt (111) surface with a graphitic overlayer. in which the interaction between the NO and the modified surface decreases dramatically (D. is about 2kcal/mole). no evidence for vibrationally excited NO was found. When the NO molecules were scattered from a clean Pt (111) at the same temperature. more than 2% of the adsorbed molecules were vibrationally excited.
For a different system. e.g. NO/Ag (111). it was found that only ,a negligi- This vruue correspons to the desorption of NO from a perfect Pt (111) ter":
race. The justification for using this value to interpret the results of Ref. ' 4a, is due to the high temperatures (e.g. fast desorption rates) at which these experiments were performed. Under -these conditions' the molecules on the surface desorb from terraces rather than from steps or--defects as was argued to occur at lower temperatures [15] . In Ref. (3) and (5) together with Eq. (6) to perform a numerical fit of the experimental data (the use of Eqs. (3) and (5) 'in this fit was in order to check the validity of the steady state assumption).
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